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Marker Drug Malignancy Clinical Implication Comment Genotypic Variation

DPYD
(dihydropyrimidine 
dehydrogenase)

5-Fluorouracil

Colorectal, 
stomach, pancreatic 
cancer, head and 
neck, cervix, and 
breast

DPD deficiency is associated with 
higher risk of toxicity.
IVS14+1G>A is the most 
important mutation causing severe 
toxicity or death.

Low sensitivity and specificity in 
predicting chemosensitivity. 
Phenotyping may be better.

Many different polymorphisms:
IVS14 + 1G>A, DPYD *2A is a SNP that 
results in the skipping of exon 14 with 
resulting deficiency. It Is always associated 
with high toxicity.

TYMS
(Thymidylate synthase)

5-Fluorouracil, 
capecitabine and 
Antimetabolites 
(TYMS TSER) 
pemetrexed

Colorectal, 
stomach, pancreatic 
cancer, NSCLC

High TYMS expressers may show 
poor response and less toxicity 
than low TYMS expressers, high 
TS expression is associated with 
a poor response to pemetrexed in 
NSCLC

Evaluation of TS expression status 
and TYMS haplotype would be more 
helpful.
Clinical validation in additional 
prospective studies is needed before 
using TYMS genotype for clinical 
decision-making

3 main polymorphisms:
1. 6 bp deletion or insertion in the 3'-UTR 
(TYMS 1494);
2. 28 bp tandem repeat in the 5'-UTR 
enhancer region (TSER) (2R or 3R, TSER *2 
or TSER *3) (TYMS-ER);
3. G>C single-nucleotide substitution within 
the second repeat of 3R (3RG or 3RC).

UGT1A1
(UDP 
glucoronyltransferase)

Irinotecan
(Camptosar) colorectal cancer Decreased UGT1A1 activity may 

increase the risk of toxicity

Genotyping is useful for dosage 
regimens> 250mg/m2. Functional 
significance of variant alleles other 
than *28 remains unclear.
Given the cumulative clinical 
evidence, the FDA revised the 
safety labelling for irinotecan in 
2005, reccomending that treatment 
be altered for individuals who are 
homozygous for the UGT1A1 *28 
allele.

The most well-studied variants:
1. UGT1A1 *28 (a 7-TA repeat sequence in 
the promoter region)
2. UGT1A1 *6 (226G>A, rs4148323)

GSTP1
(glutathione S-
transferase P1)

5-Fluorouracil- and 
Oxaliplatin-based 
chemotherapy

Colorectal, stomach 
cancer and breast 
(?)

Patients with the Ile105Val 
variant allele may be less capable 
of detoxifying oxaliplatin 
(enhance drug elimination). But 
biochemical studies are needed to 
prove it.
The GSTP1 105Val/105Val 
genotype is associated with 
higher response rate to 
oxalipaltin-based chemotherapy 

Clinical validation in additional 
studies is needed

Polymorphism:
A/G SNP, located in the substrate-binding 
domain resulting in aa substitution of 
Ile105Val, diminishes GSTP1 enzymtic 
activity

MLH1/MSH2
(Mismatch repair 
proteins)

5-Fluorouracil- and 
oxaliplatin-based 
chemotherapy

Colorectal cancer 
(sporadic)

IHC analysis of MLH1 and MSH2 
expression is prognostic but not 
predictive for adjuvant 5-FU-
based chemotherapy.
MSI-H may be correlated with a 
poorer response to 5-
FU/oxaliplatin

Additional prospective studies are 
needed

MSI-H analysis (high level microsatellite 
instability):
1. IHC analysis
2. PCR analysis
MLH1:
-93>A

ERCC, XRCC, and XPD

Oxaliplatin, 
Cisplatin and 
platinum-based 
chemotherapy

Colorectal, stomach 
cancer, breast, 
NSCLC

Polymorphisms in three major 
nucleotide excision repair genes 
my affect the function of this 
pathway.

Although extensively studied, the 
data have not led to any definitive 
conclusions.

XRCC1
1. Arg399Gln
ERCC1:
1. C118T; C8092A (lower rate of 
translation)
ERCC2:
1. K751Q











FGF/FGFR network

Turner et al. Nat Canc Rev 2010

• 18 ligands

• 4 TK receptors: FGFR1,
FGFR2, FGFR3, FGFR4

• 1 non TK receptors:
FGFRL1 (negative control)

• Regulatory activity of cell
proliferation, survival,
migration and angiogenesis



Tumor-specific genetic FGFR alterations 

Katoh M, Expert Rev Antic Ther 2010
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DEREGULATION of FGF SIGNALLING IN 
CANCER 

FGFR

• ACTIVATING MUTATIONS
• GENE AMPLIFICATION
• CHROMOSOMAL TRASLOCATIONS 

FGF

• AUTOCRINE SIGNALLING 
• PARACRINE SIGNALLING





Evasion of antiangiogenic targeting of VEGF
1. VEGFR2 blockade hypoxia change of
expression of proangiogenic factors in tumors

2. Hypoxia  ↑expression of proangiogenic factors in 
tumor-derived βTC cell line

Casanovas et al. Cancer Cell 2005



Agent Company Target Clinical Development

Brivanib alaninate BMS VEGFR 1-2-3  
FGFR 1-2-3

Phase III  

Masitinib AB Science FGFR3, c-kit, 
PDGFR, FAK

Phase III (pancreas, 
GIST, multiple myeloma)

BIBIF1120 Boehringer 
Ingelheim 

VEGFR 1-2-3
FGFR 1-2-3
PDGFR a & B

Phase III

TKI258 (Dovitinib) Novartis VEGFR 1-2-3, FLT, 
FGFR 3
cKit , PDGFR B

Phase II

TSU-68 Taiho Pharm. VEGFR1, FGFR 1
PDGFR B

Phase I/II

E-3810 EOS VEGFR ; FGFR1 Phase I
E7080 Eisai FGFR, PDGFR, 

VEGFR
Phase I

FGFR TKI 



Sorafenib Sutent Brivanib BIBF 1120 Dovitinib E-3810

VEGFR1 - 2 350 34 10 7

VEGFR2 90 9 26 21 8 25

VEGFR3 20 17 10 13 27 10

FGFR1 - - 150 69 Low 17.5

FGFR2 580 830 125 37 - 82.5

FGFR3 - - 68 108 5 237.5

PDGFR 57 8 7,460 59/60 36 175/525

C-Kit 68 13 Low - 2 456

Flt-3 58 10 58 - 1 -

Other RET,RAF RET RET Src CSF-1R CSF1R

FGFR TK inhibitors



Brivanib Single Agent Phase I Results

Side Effects
(grade I-III)

Frequency

Fatigue 33-45%
Anorexia 27-39%
Diarrohea 14-35%
Nausea 14-65%
Rash 6-24%
Hypertonia 9-28%
Emesis 9-41%

Dempke et al. Anticancer Res 2010  

Phase I+Phase II AEs

Responsea All Doses, n (%)

Partial Response 2 (3)b

Stable Disease 24 (35)

Progressive Disease 32 (47)

Not assessable 10 (15)

a At least 1 post treatment CT; 
b 1 Renal cell carcinoma 600 mg q1D; 1 
Ampulla of Vater 1000 mg q1D

Phase I  Antitumor Activity

Jonker DJ et al. Annals Oncol 2010  



Phase II Brivanib Single Agent in HCC

Dose: Brivanib 800 
mg PO QD

Cohort A: no 
previous systemic CT 
for HCC

Cohort B: 1 prior 
regimen with 
antivascular therpies

End Points: PFS, 
TTP, OS, Disease 
control rate, Safety.

Baseline 
Characteristics

Cohort A (n=55) Cohort B (n=46)

Age 60 (27-80) 55 (21-81)
Male/Female, % 89/11 72/28

Asian/non-Asian, % 64/36 67/33

HBV+/HCV-, % 53/22 65/17

ECOG PS 0/1/2, % 45/49/5 26/72/2

Extrahepatic spread, 
%

76 78

Child-Pugh A/B, % 91/9 91/9

AFP >UNL, % 76 83
Local Therapy (TACE, 
RFTA etc.), %

49 83

Park JW et al. Clin Cancer Res 2011



Brivanib induces responses in HCC pts

Park JW et al. Clin Cancer Res 2011



Tumor responses: mWHO and mRECIST

Park JW et al. Clin Cancer Res 2011



Future directions: Combo with Biologics
Phase I Trial of Brivanib + 
Cetuximab in GI tumors

Prior Therapy

EGFR inhbitor - - + +

VEGFR inhibitor - + - +

Evaluable pts (total) 12 12 1 9 34

PR 4 1 0 0 5 (15%)

SD 5 7 1 6 19 (56%)

PD 3 4 0 3 10 (30%)

PR + SD ≥ 6 months 4 3 0 3 10 (30%)

Pts population: 60 pts with GI 
tumors relapsed after previous 
CTs (expansion cohort for CRC)

Doses:
Brivanib PO QD 250  800 mg 
D1-D8
Cetuximab 400 mg/m2 C1D8 
250 mg/m2 qwk

G3/4 Aes: fatigue 16%, 
transaminitis 12%, diarrhoea 
2%; 1 DLT: bilateral pulmonary 
emboli.

Garrett CR et al. JCO 2008: abstr. 4111











Metastatic Colo-Rectal Cancer
EGFR amplification/polisomy (FISH)

K-ras mutations
BRAF mutations

PIK3CA mutations
PTEN expression

TS expression
Defective mismatch repair DNA

ERCC1  expression









Positive Primary Analysis

Analysis of efficacy by Kras

Panitumumab vs BSC
Chemo-refractory
N=463 

• PFS prolonged
• OAS no difference 

(extensive cross-over) 
VanCutsem JCO ’07

• Subgroup analysis (late-
planned with blinded data)

• Kras 
• known: 92% pts
• mutated: 43% pts

• WT: 
• HR PFS 0.45 

• Mut: 
• HR PFS 0.99 

• Interaction test: p<0.0001

Amado JCO ‘08

CO.17
Cetuximab vs BSC
N=572  ≥ 2nd line 

• OAS prolonged
• PFS prolonged

Jonker NEJM ’07

• Subgroup analysis (late-
planned with blinded data)

• Kras 
• known: 69% pts
• mutated: 41% pts

• WT: 
• HR OAS 0.55 p<0.001

• Mut: 
• HR OAS 0.98 p=0.89

• Interaction test: p=0.01

Karapetis NEJM ‘08

CRYSTAL
FOLFIRI ± Cetuximab
N=1198  1st line 

• PFS prolonged
• OAS no difference

VanCutsem NEJM ‘09

• Subgroup analysis
(not planned)

• Kras 
• known: 49% pts 
• mutated: 36% pts

• WT: 
• HR PFS 0.68 p=0.017

• Mut: 
• HR PFS 1.07 p=0.75

• Interaction test:: 0.07

VanCutsem NEJM ‘09



Negative Primary Analysis

Analysis of efficacy by Kras

OPUS
FOLFOX ± Cetuximab
N=337  1st line 

• RR +10% p=0.06
• PFS no difference
• OAS nr
Bokemeyer JCO ‘09

• Subgroup analysis
(not planned)

• Kras 
• known: 69% pts
• mutated: 42% pts

• WT: 
• OR resp=2.5, p=0.011
• HR PFS 0.57 p=0.016

• Mut: 
• OR resp=0.5, p=0.11
• HR PFS 1.83 p=0.019

• Interaction test:  
• Response 0.003 
• PFS: 0.0007

Bokemeyer JCO ‘09

PACCE
CT+beva ± Cetuximab
N=1053 1st line

• PFS worse
• OAS worse

Hecht , JCO 08

• Subgroup analysis
(exploratory, not planned)

• Kras (Oxal cohort)
• known: 81% pts
• mutated: 40% pts

• WT: 
• HR PFS 1.36 p<0.05

• Mut: 
• HR PFS 1.25 p ns

• Interaction test: nr

Hecht , JCO 08

EPIC
Irinotecan± Cetuximab
N=1298 2nd line

• OAS no difference
• PFS prolonged

Sobrero, JCO 08

• Subgroup analysis
(not planned)

• Kras 
• known: 23% pts (US)
• mutated: 36% pts

• WT: 
• HR OAS 1.29 p=0.18

• Mut: 
• HR OAS 1.28 p=0.29

• Interaction test: 0.989

ImClone at FDA ‘08

CAIRO-2
CT+beva ± Cetuximab
N=755 1st line

• PFS worse
• OAS no difference

Tol, NEJM ‘09

• Subgroup analysis
(anticipated, not planned)

• Kras 
• known: 70% pts
• mutated: 40% pts

• WT: 
• PFS no diff p=0.30 

• Mut: 
• PFS worse p=0.003

• Interaction test: nr

Tol, NEJM ‘09



Nature Rew Clin Oncol Ap  











NSABP C-08 trial

Schedule: mFOLFO6 ± Bev q2wks

Patients 2672  with  stage II and III CRC 
(1354 with Bev; 1356 withouth Bev)

Primary End Point: DFS

≤15 mo >15 mo

Overall DFS 

NEGATIVE BUT…

Allegra et al, JCO 2011



Bevacizumab in adiuvant setting for CRC:   
AVANT trial

De Gramont et al, Seminars in 
Oncol 2006
D  G t t l  ASCO GI 2011  

Patients 3451  with  stage II and 
III CRC

RESULTS:
Primary End Point DFS: 
FAILED

Secondary END Point OS: 
FAILED

Efficacy results in favor  CT 
alone more relapses and 
deaths in Bev arms



(A) before first Bev treatment, (B) during first Bev treatment, before surgery, (C) 1 mo after 
colon and liver surgery and (D) during second BV treatment, after surgery.

Cacheux W et al. Ann Oncol 2008;19:1659-1661

Rebound after Bev cessation



















Overall survival with chemotherapy in 
advanced OG cancer

11,2

9,9

10,5

9,2

9,3

9,9

9

8,6

6,7

3

0 2 4 6 8 10 12Months

BSC1

FAMTX2

CF3

IF4

EOF5

DCF3

ECF5

XP6

ECX5

EOX5

1Murad et al. Cancer 1993; 2Vanhoefer et al. J Clin Oncol 2000; 3Van Cutsem et al. 
J Clin Oncol 2006; 4Dank et al. Ann Oncol 2008; 5Cunningham et al. N Engl J Med 
2008; 
6Kang et al. Ann Oncol 2009



Grb2

Trastuzumab 

Raf

MEK

MAPK

Ras
SOS

PI-3 
kinase

Gefitinib

Akt
STAT

Receptor MoAb 
internalisation 

HER2

Gene 
transcription/

cell cycle

Proliferation Apoptosis

Invasion/
metastasis Angiogenesis

Signal transduction 
cascade blocked

Cetuximab

Panitumumab

EGFR

Bevacizumab 

Ramucirumab

VEGF
Lapatinib 

mTOR1 mTOR2

Everolimus

Multiple targets and agents in Gastric 
cancer

Endothelial cell
Tumour cell



Phase III trastuzumab global registration in AGC 
trial design 

(ToGA) 

Bang et al The Lancet 2010

FC*

Cisplatin 80mg/m2 iv D1
Capecitabine 2000mg/m2/day D1-14
or 5-FU 800mg/m2 /day D1-5
Treatment given every 3 weeks

n=290

n=294

Primary objective: superiority in OS with FC +T

FC + trastuzumab*

Cisplatin 80mg/m2 iv D1
Capecitabine 2000mg/m2/day D1-14
or 5-FU 800mg/m2 /day D1-5
Trastuzumab 8mg/kg loading then 6mg/kg
Treatment given every 3 weeks

R

Locally advanced 
or metastatic 
HER2 positive

adenocarcinoma 
of OGJ and 

stomach

*88% of patients received capecitabine
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TOGA survival 
Progression free survivalOverall survival

Bang et al The Lancet 2010



OS in FISH+ and IHC 2+/ IHC 3+ 
groups combined

Bang et al The Lancet 2010



Overall survival with chemotherapy in 
advanced OG cancer
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CALGB 80403/ECOG 1206 Phase II 
trial

• Primary endpoint: ORR
• Enrollment: September 2006 to May 2009

Locally-recurrent or 
metastatic 

oesophageal or 
OGJ cancer

(n=245)

ECF
+ cetuximab

Irinotecan/cisplatin + 
cetuximab

FOLFOX
+ cetuximab

Enzinger et al. ASCO 2010

R



ECF-C
(n=67)

IC-C 
(n=71)

FOLFOX-C 
(n=72)

Efficacy

ORR (%) 57.8 45.6 53.6
OS (mth) 11.5 8.9 12.4
PFS (mth) 5.9 5.0 6.7
TTF (mth) 5.5 4.5 6.7

Toxicity (gr 3–5) (%)

Haematological 49 58 46
Neutropenia 48 49 42
Gastrointestinal 28 42 22
Neurological 12 4 17
Infection 13 8 7

Treatment modification (%) 90 86 72

CALGB 80403/ECOG 1206: ASCO results

Enzinger et al. ASCO 2010



EXPAND trial design

Locally advanced or 
metastatic 

adenocarcinoma of 
OGJ and stomach

XPR
A
N
D
O
M
I
S
E

XP
+ cetuximab

• Primary endpoint: overall survival

• Target recruitment: 870 patients 

• Enrolment began: June 2008 – Dec 2010



Locally advanced 
or metastatic 

adenocarcinoma 
or undifferentiated 

carcinoma of 
oesophagus, OGJ 

and stomach

EOX
Epirubicin 50mg/m2

Oxaliplatin 130mg/m2

Capecitabine 1250mg/m2

REAL-3: Phase III trial of EOX ±
panitumumab

• Primary endpoint: overall survival
• Target recruitment: 730 patients
• No pre-selection for K-ras wild-type patients

EOX + panitumumab
Epirubicin 50mg/m2

Oxaliplatin 100mg/m2

Capecitabine 1000mg/m2

Panitumumab 9mg/kg

R
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Phase III bevaciuzmab global registration in AGC trial 
design

(AVASGAST) 

Kang et al ASCO 2010

FC*

Cisplatin 80mg/m2 iv D1
Capecitabine 2000mg/m2/day D1-14
or 5-FU 800mg/m2 /day D1-5
Treatment given every 3 weeks

n=387

n=387

Primary objective: superiority in OS with FC +B

FC + bevacizumab*

Cisplatin 80mg/m2 iv D1
Capecitabine 2000mg/m2/day D1-14
or 5-FU 800mg/m2 /day D1-5
Bevacizumab 7.5mg/kg
Treatment given every 3 weeks

R
Locally advanced 

or metastatic 
adenocarcinoma 

of OGJ and 
stomach

*94% of patients received capecitabine



AVASGAST: Overall Survival
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Kang et al ASCO 2010



AVAGAST: 
Progression-Free Survival
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3

15
11

0
0
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95% CI 0.68–0.93  
p = 0.0037

Progression-free survival rate

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

3 9 15 18 21 240 6 12

5.3
6.7

Study month

Kang et al ASCO 2010



Best Overall Response:
Measurable Disease Population

XP + Placebo
N=387

XP + Bev
N=387

Patients with measurable disease 297 311
Overall response 111 (37%) 143 (46%)
95% CI 31.9–43.1 40.3–51.7
Difference 9%
95% CI 0.6–16.6
P value (χ2) 0.0315
Complete response 3 (1%) 5 (2%)
Partial response 108 (36%) 138 (44%)
Stable disease 90 (30%) 93 (30%)
Progressive disease 63 (21%) 44 (14%)
Not assessable 33 (11%) 31 (10%)



Overall Survival: Subgroup Analysis

Pan-America

≥2

No

Disease status

ECOG performance

Prior gastrectomy

Region

Site of primary disease

No. of metastatic sites at baseline

Disease measurability 

Histologic type 

All

Locally advanced*
Metastatic

0

Yes

Europe

All

≥1

Asia

Stomach
GE junction

≤1

Measurable
Non-measurable

Intestinal
Diffuse
Mixed

SubgroupCategory

2
Hazard Ratio

0 1

* 29 patients with locally advanced disease only



Regional differences in efficacy

Region
XP + Placebo
Median, mo

XP + Bev
Median, mo

Delta, 
mo

Hazard 
Ratio 95% CI

OS Asia 12.1 13.9 1.8 0.97 0.75–1.25

Europe 8.6 11.1 2.5 0.85 0.63–1.14

America 6.8 11.5 4.7 0.63 0.43–0.94

PFS Asia 5.6 6.7 1.1 0.92 0.74–1.14

Europe 4.4 6.9 2.5 0.71 0.54–0.93

America 4.4 5.9 1.5 0.65 0.46–0.93



Second-line therapy by region

Region
Patients 
entered

Patients receiving 
second-line 
treatment %

Asia 376 248 66

Europe 249 78 31
Pan-
America 149 32 21







A: Tumor Initiation; B: Tumor Promotion; C: Tumor Progression

Hassid et al, Anticancer Res 2009



Mutational  Spectrum of Oncognes in Biliary 
Tracts Cancer

Hezel et al, JCO 2010



Mutational  Spectrum of Tumor Suppressor 
Genes in Biliary Tracts Cancer

Hezel et al, JCO 2010



EGFR/HER2 status 
according to clinico-
pathological features 

Harder, World G Gastroenterol 2009

Mutations in 
Carcinogenesis

Hezel et al, JCO 2010



Molecularly Targeted Trials

Molecularly Targeted Therapies in Development

Hezel et al, JCO 2010































Angiogenesi La pathway VEGF\VEGFR  non ha dato soddisfazioni 

EGFR Cetuximab ha fallito , Panitumumab si sta 
studiando, Erlotinib con risultati positivi ma 
clinicamente non rilevanti

IGF-1R In studio (problema di iperglicemia)

MAP Kinasi MEK è considerato un target potenziale ma per
farmaci usati in combinazione o “polivalenti”

PI3K/AKT/mTOR Target interessanti per inibitori “polivalenti”

HedgeHog E’ una pathway che coinvolge la formazione dello
stroma, forse fondamentale per la “penetrazione”
dei chemioterapici.



Il  Miglior Target !
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